‘qe71 dsa % oipny

¢

Fourier Transform of Signals

Lecture 3-5
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Continuous-Time Non-Periodic Signals

The Fourier Transform (FT)

° - 00 + o0

X(jw) Is continuous spectrum and non-periodic.

x(t) = — j X(jo)e™ dw

X(t) Is continuous signal and non-periodic.

X(jo) = x(t)e’™ dt

(7)

(8)
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FS (if T2x) |x()= ZX[k] o/ okt
k=—o0
X k _ 1 iz —jka)otd
[ ]_?J—lex(t) € /
2> FT ?

X(jo) = j x()e 7 dt
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What Iif Signal x(t) is not periodic?

e Still Sum of Sinusoids?

— Non-harmonically related sinusoids

— Would not be periodic, but would probably be non-
zero for all t.

 Need “Fourier Transform” to Find Spectrum?

— gives a “sum” (actually an integral) that involves
ALL frequencies

— can represent signals that are identically zero for
negative t. I
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Audio & DSP Lab.
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Limiting Behavior of Spectrum

wp O By w
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FS in the LIMIT (long period)
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Fourier Series Formula:

kw,=w variable xTo(t):i i[TOX[k]]ef(”ok)’(Z_ﬂ)

Ig

k=—0o0

27 1T, = o, )

A2 To=do () = L [[X (jo)l' de

lim x, (¢) =x(¢) for —oo<it<x

Ip—0 7
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T,—>o0 TO IiIm —k=w I|mT X[k] X(](())

Th—o0

XK =[x, (e 7 dt > X(jo) = j (t)e ™ dt

T

0 —T,/2

£ Fourier Analysis
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Fourier Transform Defined
e For non-periodic signals

Fourier Synthesis

Fourier Analysis

X(jo) = j x(£)e 7 dt

—00
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Ex 3.24 Eind the FT of x(¢) = e “u(?)

(a) Real time-domain exponential signal.
(b) Magnitude spectrum.
(c) Phase spectrum.
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(a)

0

=2a

(b)

ag{X (jo)}

1 pl4

-2a

N

—p/2
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Solution of Ex 3.24:

casel: a<0, (Growing Exponential Signal)
jo e dt =oo. not absolutely summable.
case?2. a>0, (Decaying Exponential Signal)

X(jo)= f; e “u(t)e’ dt

J‘: e—(a—i—ja))t dt: -1 e—(az+ja))tOO -1

a+ jw 0 a+jw

1
a+ jw

(0-1)
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Solution: (cont.)

1
a+ jw
1

X(jo)=

X(jo)| =

Ja? + o

2 ]

aAGX (jo)f=- tanl(

13



il

x(1)

©

Audio & DSP Lab.

0

=2a

(b)

agiX (jo)

1 p/a

-2a

—pl2
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(c)
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Example 3.25:

Consider the rectangular pulse in the figure (a), and find the FT of
X(), X(jo) = ?

1, -T,<t<T,

¥(0)= iO, 1> T,

(a) Rectangular pulse in the time domain.
(b) FT in the frequency domain.
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Solution of Ex 3.25:
X(jw) = foo x(¢) e’ dt

1

. il —jot . —jot
= 1-e dt =———e

~Ty ]0)
1

TO
_TO

— _ (e—jCUTo _ eijo ): 1 (eja)To _ e—jWTo)

Jo Jo

2(6”’%—6”%) 2 .
= =—din
0, j2 0,

(0T,), Yo#0
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Yo =0,

limX(jo) = Iimgsin(a)To): E(a)To)z 2T,
Q)

w—0 o—0 )

X(jo)
xir) 2T
1
— I (0]
=& 0 T, _3p _2pNSPp 0 p 2p 3p
Tr:' Tt.l TI'.' T-!J‘ T-:J‘ Tt.l
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e SIN(B) =~ 0O |

>

f O1s small.

\ A\ Arc = /4 = 0

o )

J \Sin(G)
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 Changing Rate

X(t)

N

/"

dx (1)
dt
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Time-domain signals for Problem 3.14.

Find the FT of the parts (a) and (b) = ?

20
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Example 3.26:

(a) Rectangular spectrum in the frequency domain.
(b) Inverse FT in the time domain.

-

1 W<o<W

XU =0 Jof>w

X(jo)

-W 0 W

21
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Solution of the Ex 3.26:

1 | Si”C(W)=Sm(7;VW)
xt)=—| X(jo)e'dw 4
27T I
_ L e’'dw
27T W
_ 1 eja)tW _ 1 (eth_e—]Wt)
27 jt -W  2rjt
1 eth_e—]Wt
ot j2 _ _
W (Wtj w sin(wt) sin(Wt)
1 . —sing — |= =
=—tSIn(Wt) T T T Wt Tt
T

22
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Example 3.27: Find the FT of x(t) = 3(t)

Solution:

X(jo)=[ o@t)e’ dr=1

notation .
X(jw)=FT{5(1)}=1

or

FT

o(t) - - 1

23
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Example 3.28: Find the inv FT of X(jo) = 2nd(w) ?

Solution:

X)) == [ 278(0) " dor=1
27 9=

notation - 0
x(t) = FT {275 (w)} =1
or

FT

1 < 270 (w)

24
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Frequency-domain signals for Problem 3.15.
Find the inverse of FT = ?

X(jo)
.3
| o
2 0 2
agix(jo) X(jo)
_E 'I_
2
I NN
2 0 -2 -l () I 2
P
() 2 (b)

25
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